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bstract
This paper tests sustainability of Brazilian public debt in the period 1991 to 2009, and analyzes implications of requiring that
he Brazilian fiscal policy be primarily committed to the sustainability of the public debt. The retrospective analysis utilizes a set
f unit root tests and avoids some of the criticism leveled at previous studies by using data which has not previously been used for
his purpose, and concludes that the public debt was sustainable in the period we consider. The prospective analysis is based on the
SGE model proposed by Jodi Galí et al. (2007) calibrated for Brazil, using the conclusions of the retrospective analysis for the
scal parameters. The scenarios produced with the help of the model show that maintaining the sustainability of the public debt is
onsistent with the monetary policy of inflation targeting. We also conclude that it is possible to reduce interest rates to levels below
hose prevalent at the end of 2010 simultaneously maintaining the stability of the trajectory of the public debt.
 2013 National Association of Postgraduate Centers in Economics, ANPEC. Production and hosting by Elsevier B.V. All rights
eserved.
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esumo
Este trabalho testa a sustentabilidade da dívida pública brasileira no período 1991 a 2009, e analisa as implicac¸ões da exigência que
 política fiscal brasileira seja prioritariamente comprometida com a sustentabilidade da divida publica. A análise retrospectiva utiliza
ma bateria de testes de raiz unitária, evita algumas das críticas feitas a estudos anteriores usando dados que não foram anteriormente
mpregados para este fim, e conclui que a dívida publica foi sustentável no período que consideramos. A análise prospectiva se
aseia no modelo DSGE proposto por Galí et al. (2007) calibrado para o Brasil, usando as conclusões da analise retrospectiva para
s parâmetros fiscais. Os cenários produzidos com o auxilio do modelo mostram que a manutenc¸ão da sustentabilidade da divida
ublica é consistente com a política monetária de metas para a inflac¸ão. Concluímos também que é possível reduzir as taxas de juros
 níveis inferiores aos vigentes no final de 2010 mantendo simultaneamente a estabilidade da trajetória do endividamento publico.
 2013 National Association of Postgraduate Centers in Economics, ANPEC. Production and hosting by Elsevier B.V. All rights
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1.  Introduction
Governments around the world have engaged in active fiscal policies characterized by a significant increase of the
public deficit, in response to the effects of the 2008 global crisis sparked by problems of funding and liquidity that
began in the U.S. This has led in recent years to a rapid and significant increase in indebtedness, especially in countries
of the Eurozone and the United States.1
In Brazil, the fiscal situation has also worsened since 2008, for two reasons. On the one hand, the tax exemptions
granted by the federal government aggravated the fall in government revenue resulting from reduced economic activity
due to the domestic effects of the external crisis. On the other hand, public spending continued to grow fast: between
2008 and 2010, the current expenditure of the Union accelerated, jumping from 23.08% to 26.08% of GDP (close to
the record observed in 2006 of 26.61% of GDP). Due to a combination of declining revenues and increased spending,
there was a significant reduction in the primary surplus of the public sector, from 4.15% in September 2008 (the start
of the global crisis) to 1.17% of GDP in September 2009.2 As a result there was an increase in the debt/GDP ratio,
from 40.0% to 44.9% in the same period.3
In this frameword, although the current Brazilian tax position is more comfortable than that observed in devel-
oped countries, it is appropriate to ask whether the public debt in Brazil is sustainable in view of the current fiscal
policy. Several studies have attempted to answer questions similar to this at other moments of the Brazilian econ-
omy (and world). This is the case Rossi (1987), Pastore (1995), Rocha (1997), Bevilaqua and Werneck (1997) and
Issler and Lima (1998). These studies, however, relate to the period prior to 1994 and roughly conclude that the
Brazilian public debt sustainability to the mid-90s was achieved by increasing the tax burden and the collection of
the inflation tax. One goal of our study is to extend the analysis to the more recent period, using the methodology
followed by Luporini (2002), Tanner and Ramos (2002), Giambiagi and Ronci (2004) and Mello (2005), and to
improve the database for the analysis, making use a time series of the public deficit not previously explored in the
literature.
In addition to testing the sustainability of public debt through a retrospective empirical analysis, this paper aims to
investigate the macroeconomic implications of its results. In this sense, it has similar goals to other prospective studies
such as Bevilaqua and Garcia (2000), Goldfajn (2002) and Rossi (2006), but uses a different approach. Specifically, we
simulate the prospective performance of the Brazilian economy in the framework of a macroeconomic model, under the
assumption that the fiscal authority is committed to debt sustainability. For this purpose, a dynamic stochastic general
equilibrium model (DSGE) of the type proposed by Galí et al. (2007)4 was calibrated for the Brazilian economy, and
used to analyze the effects of public spending on consumption. It considers the hypothesis of price rigidity as in Calvo
(1983), and explicitly includes the need to finance public deficits. This allows the analysis of the sustainability of
economic policy in late 2010, when inflation control was one of the main objectives of economic policy, but the tax
burden was close to 40% of GDP, real interest rates are higher than 6,5% per year and the primary surplus is of the
order of 1.6% of GDP.
We examine the dynamic behavior of the main macroeconomic aggregates (private consumption, taxes, public debt,
inflation and interest rate) on simulations produced by the model in response to various shocks. As we shall see, these
exercises indicate that there is no incompatibility between the maintenance of debt sustainability and monetary policy
of inflation targeting. The analysis also suggests that it is possible to manage economic policy in order to obtain lower
interest rates than those prevailing in early 2011.
This paper has four other sections besides this introduction. The second presents the methodological framework
of sustainability tests, and the third describes the DSGE model used to simulate the future behavior of the economy.
The fourth section presents the results of empirical tests of sustainability and the prospective model. The last section
summarizes the conclusions.
1 The Eurozone debt jumped from 66% of GDP at the end of 2007 to 85% in 2010, while the U.S. jumped from 64% to 92% of GDP in the same
period.
2 Results accumulated in 12 months, according to the Central Bank.
3 Comparison of fiscal performance from the end of 2009 with the previous years is difficult, if not impossible, due to successive changes in
accounting criteria that affected the characteristics of the official data series of public deficit.
4 Calvo (1983) constructed a model of time-dependent nominal rigidities that made possible the introduction of price stickiness in the real business
cycle models.
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.  Tests  of  sustainability
The public debt sustainability and its relationship to the trajectory of the public deficit can be investigated using unit
oot tests and cointegration tests, following the approach of Trehan and Walsh (1991), assuming there is no inflation.
heir results can be used in an economy with inflation, assuming the absence of money illusion, making the rate of
nterest to which they refer (rt) be represented by the real rate, which we will call (rrt), obtained from the Fischer
quation. We will discuss later how the data were chosen to allow testing of sustainability in the context of real variables.
Suppose that the real interest rate is stochastic and its expected value conditional on past information is constant,
e, E(rrt+i|rrt−i) = rr  for all i ≥  0. The variable Rt = 1 + rrt will be used to represent the realized real interest return, and
ts expected value is R. In this case, the government’s intertemporal budget constraint can be written as follows:
Bt+1 =  Gt −  Tt +  (1 +  rr)Bt +  εt+1 (1)
here Tt is the tax revenue, including inflationary tax, Gt is the public spending excluding interest payments on domestic
ebt, Bt is the government debt in the beginning of the period, and εt+1 stationary error with 0 mean and variance σ.
he primary public deficit is therefore Deft = Gt −  Tt.
Assuming that εt+1 = 0, Eq. (1) can be rearranged as indicated below to relate the overall public deficit with the
hange in government debt:
Bt+1 −  Bt =  G∗t −  Tt =  Def ∗t (2)
here G* = Gt + rrBt is the public spending plus interest payments on the public debt and Def ∗t is total public deficit.
Based on these two versions of the budget constraint Trehan and Walsh (1991) present two propositions to test the
ustainability of the debt.
Proposition 1 supposes that the expected real interest rate conditional on past information is constant, admits that the
ublic primary deficit behaves as ARMA process of first order (1 −  μL)Deft = A(L)εt and considers two possibilities
s to its nature: (i) If it is stationary (0 ≤  μ  < 1) the debt is sustainable if and only if it is also stationary. (ii) If it is
ot stationary (1 ≤  μ  < R) for the debt to be sustainable it must also be non stationary, and must cointegrate with the
rimary deficit, ie, there must be a combination of Deft and Bt−1 that is stationary.
Every cointegrated system has an error correction representation (VEC), which can be written compactly as follows
Johansen (1988, 1991)):
Xt =  μ  +  ωθ′Xt−1 +
i=k−1∑
i=1
ΓiXt−i +  ψSt +  εt (3)
here Xt = (Bt, Deft)′, Γ i are 2 ×  2 matrices that represent the autoregressive component of, Xt, θ′ is the cointegration
ector transposed, ω  indicates the speed of convergence to equilibrium due to shocks in the cointegration relationship,
t is an array of seasonal indicator variables (dummies), and εt is a 2 × 1 vector of stochastic Gaussian noise. The
ectors θ  and ω  have dimension 2 ×  1 in this case, and the hypothesis that there is exactly one cointegration vector can
e translated by the condition that the matrix ωθ′ has rank equal to one. The sustainability of the debt can therefore be
ested by doing the Johansen cointegration test, ie, estimating (3) without restrictions.
A special case of the situation (ii), discussed in Trehan and Walsh (1988), occurs if there is a unitary root (μ  = 1) in
eft, and the sustainability test reduces to testing stationarity of the total deficit (Def ∗t ).
For a stochastic economy, the budget constraint (2) is represented as:
Bt =
∞∑
j=0
R−(j+1)Et
[
Tt+j −  G∗t+j −  εt+j+1
]
(4)here R  = 1 + rr  is the discount rate of future revenues and expenses.Proposition 2 of Trehan and Walsh (1991) allows
s to test the sustainability of the debt in this case, where the expected value of the real interest rate conditional on past
nformation is not constant.5 It indicates that, if the stochastic process of the realized discount rate Rt = 1 + rrt is strictly
5 This proposal, like the preceding one, is derived for a non-monetary savings.
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positive, the intertemporal budget constraint condition is met if the debt is integrated of order 1, that is, if (1 −  L)Bt is
stationary.
The case of stochastic economy where individuals are risk averse is analyzed by Bohn (1995). It shows that for
fiscal policy to be sustainable government budget constraint must satisfy a stochastic budged balance condition and a
transversality condition that prevents the government from practicing policies equivalent to a “Ponzi scheme.” These
conditions are similar to those that appear in the case where the interest rate is deterministic, but in this case, that
variable should be replaced by the marginal rate of substitution of the agents. This implies only a marginal change
in the sustainability criterion of Proposition 2 above. Bohn (1995) also indicates that if the expected real interest rate
conditional on past information is not constant, the test of cointegration between deficit and debt is not an appropriate
methodology to assess the sustainability of the tax regime.
3.  A DSGE  model  with  government
To evaluate the effects of fiscal policy shocks on the behavior of macroeconomic aggregates we use a simplified
version of the dynamic stochastic general equilibrium (DSGE) model used in Galí et al. (2007). The entities considered
in this model are two types of families, a number of firms producing differentiated intermediate goods, a perfectly
competitive market of final goods, a central bank responsible for monetary policy and a fiscal authority. The main
limitation is the lack of capital. The following describes the objectives, constraints, and behavior of the various entities.
The equations are presented in a log-linear form.
3.1.  Households
There is a continuum of families, indexed by i ε  [0,1]. A fraction of them (1 − λ) have access to a complete capital
market, where they can trade state-contingent securities. They are called Ricardian or optimizers, since their goal is
to maximize the present value of the utility of their consumption path. The remaining fraction of households (λ) does
not have any assets, nor has any liabilities, and consume every period the equivalent to their labor income, and called
Rule-of-Thumb “Households”, as in Galí et al. (2004).
Eqs. (5) and (6) represent, respectively, the optimal labor supply and Euler equation of the optimizing consumers.
ωt =  cot +  ϕnot (5)
cot =  Et{cot+1}  −  (rt −  Et{πot+1}) (6)
where ωt is the wage in steady state, cot is the steady-state consumption of households optimizers, not is the labor supply
in steady state and (rt −  Et{πot+1}) is the real interest rate.
Eqs. (7) and (8) represent the dynamics of consumption and labor supply in steady state of the non-optimizer
consumer:
crt =
(
WNr
Cr
)
(ωt +  nrt ) −
(
Y
Cr
)
τro (7)
wt =  crt +  ϕnrt (8)
where τrt ≡  (T rt −  T r)/Y , T rt denotes lump-sum taxes paid by these consumers in period t, W is the real wage, ωt is
the wage in the steady state, Nr represents the number of hours worked, nrt job offer in the steady state, rt equals the
nominal gross return on bonds purchased in period t, and crt represents the consumption of non-Ricardian households
in real terms.
As in Galí et al. (2007), our analysis is simplified by the assumption that per capita consumption in the steady state
is the same for all groups of families, namely c  = cr = co, which can always be ensured by proper choice of Tr and To.
As the focus of this study is the different responses to shocks on the economy and not the different impacts on the two
groups of families, this assumption simplifies the algebra considerably and has important implications on the target
variables of this work.
The log-linearized expressions for aggregate consumption and hours worked are given respectively by:
ct =  λcrt +  (1 −  λ)cot (9)
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nt =  λnrt +  (1 −  λ)not (10)
Under perfect competition in the labor market, the expressions (7) and (8) can be combined with (9) and (10) to
btain:
ωt =  ct +  ϕnt (11)
.2.  Firms
In the model, the country has a continuum of firms in monopolistic competition producing differentiated intermediate
oods. The latter serve as inputs to production of a single final good under perfect competition. Firms producing inputs
et their prices according to the stochastic time dependent rule proposed by Calvo (1983). Each firm resets its price
ith probability (1 −  θ) each period, regardless of the time elapsed since the last adjustment.
The optimization of the behavior of firms associated with this pricing rule allows the representation of the dynamics
f inflation as a function of the deviations of the logarithmic average of the mark up in relation to its equilibrium level.
his equation is described by Clarida et al. (1999) as the New Keynesian Phillips curve (NKPC)6:
πt =  βEt{πt+1}  +  λpCMgt (12)
ere: λp =  (1 −  βθ)(1 −  θ)/θ, β  is the intertemporal discount factor and the real marginal cost, common to all firms,
s given by CMgt = ωt
The aggregate production function is given by:
yn =  nt (13)
.3.  Monetary  policy
The monetary authority adopts inflation targeting regime and determines the interest rate based on a Taylor rule
1993). In the proposed model, we assume that the central bank sets the nominal interest rate rt = Rt −  1 for each period,
ccording to a linear rule:
rt =  r  +  φππt (14)
here φπ ≥  0 and r  is the nominal interest rate that prevails in the steady state. An interest rate rule of the form (14)
s a simple specification of the Taylor rule (1993), where an increase in inflation leads to a more than proportional
ncrease in the nominal interest rate.
.4.  Fiscal  policy
The tax authority finances government spending by selling bonds in the market and taxing revenues. Thus, the
overnment budget constraint is given by:
PtTt +  R−1t Bt+1 =  Bt +  PtGt (15)
here Rt = r  + 1, and Tt ≡  λT rt +  (1 −  λ)T ot is the assumed trajectory for the taxes. Considering gt (Gt −  G)/Y,
t (Tt −  T)/Y  and bt (Bt −  B)/Y, the fiscal policy rule is given by:
τt =  φbbt +  φggt (16)
here φb and φg are positive constants. Therefore, tax revenue reacts to changes in public spending and debt payments.
Finally, it is assumed that government spending evolves according to a first-order autoregressive process:
gt =  ρggt−1 +  εt (17)
6 Bonomo and Britto (2002) estimated the parameters of the “hybrid” New Keynesian Philips Curve of Galí and Gertler (1999) for Brazil and
ound a high weight proportion of forward-looking rather than backward-looking component. Areosa (2004) also found similar results for the period
995:01–2003:09. Thus we chose to use only the forward-looking component of inflation in the NKPC.
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where 0 < ρg < 1 and εt represents an i.i.d. shock in government spending, with constant variance equal to σ2s .
It is assumed that the fiscal instrument is government spending. The fiscal rule is based on achieving targets for the
primary surplus and stabilization of the debt/GDP ratio. The government budget constraint (15), combined with the
fiscal policy rule, considering balanced budget, is represented by:
bt+1 =  (1 +  ρ)(1 −  φb)bt +  (1 +  ρ)(1 −  φg)gt (18)
where ρ β−1 −  1.
3.5.  Market  equilibrium
The equilibrium of the final goods markets requires:
Yt =  Ct +  Gt (19)
The labor market is in equilibrium when the demand for workers of the firms that produce intermediate goods equals
the labor supply of the households, at the wage level determined by the unions. The market for physical capital is in
equilibrium when the demand for capital by firms that produce intermediate goods equals the supply of capital by the
households. The government bond market is in equilibrium when households hold bonds whose rate of return is equal
to the market interest rate.
The log-linearization of the market equilibrium condition around the steady state is:
yt =  γcct +  γggt (20)
where γc C/Y  and γg G/Y  represent, respectively, the steady-state shares of aggregate consumption and government
spending on output.
Some implications of these equilibrium conditions should be highlighted. Firstly, note that an expansion in govern-
ment spending has the potential to increase aggregate consumption through its induced expansion in employment and
consequent increase in real wages. In turn, the resulting increase in consumption would increase aggregate demand,
output and employment. Secondly, the net effect of government purchases on aggregate consumption depends on the
tax rate and the expected real interest in the long run. These variables, in turn, are determined by the fiscal and monetary
policy rules.
3.6.  Derivation  of  the  reduced  model
Combining the equations discussed above, and making a few substitutions, one can obtain a system of stochastic
differential equations that describes the log-linearized dynamic equilibrium of the seven variables in the model: con-
sumption, hours worked, inflation, interest rates, government spending, taxation and debt (bonds). It is indicated in
Eqs. (21)–(27) below.3.6.1.  Euler  equation
Under the assumption of perfectly competitive labor market, combining Eqs. (5)–(10), we obtain the Euler equation
for aggregate consumption.
ct =  Et{ct+1}  − 1
ρ
(rt −  Et{πt+1}) −  ΘnEt{nt+1} +  ΘtEt{τt+1} (21)
where ρ  =  γc(1 +  μp) −  λ(1 −  α)/(γoγc(1 −  λ)(1 +  μp)),  Θn =  λ(1 −  α)(1 +  υ)/(γc(1 +  μp) − λ(1 −  α)) and
Θt =  λ(1 −  μp)/(γc(1 +  μp) −  λ(1 −  α)).
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.6.2.  Phillips  curve
To obtain the second equation of the system, we rewrite the Eq. (12) in terms of the variables of the model and
ombined with Eqs. (11) and (13). Thus, the aggregate Phillips curve is given by:
πt =  βEt{πt+1}  +  λpct +  λpϕnt (22)
.6.3.  Macroeconomic  policies
Equations of the block of macroeconomic policies represent, respectively, the government budget constraint (18),
he fiscal policy rule (16), the monetary policy rule (14) and first-order autoregressive process of government spending
17) and the combination of the aggregate production function with the equilibrium condition of the market. Thus, we
btain a dynamic system with seven endogenous variables and seven equations described in Eqs. (21)–(27).
bt+1 =  (1 +  ρ)(1 −  φb)bt +  (1 +  ρ)(1 −  φg)gt (23)
τt =  φbbt +  φggt (24)
rt =  r  +  φππt (25)
gt =  ρggt−1 +  εt (26)
nt =  γcct +  γggt (27)
.7.  Model  calibration
Model calibration consists in choosing values for the parameters based on empirical evidence obtained from data of
he real economy, and harmonized with economic theory. However, it is difficult to do this for the Brazilian economy
ue to the lack of empirical studies, to the unavailability of data and to estimation problems. Considering that it is
seful to have the results of the model, even if subject to considerations as to its accuracy, we use the parameter
stimates obtained by other authors, even for other models, be they related to the Brazilian economy or not, from the
ational literature (Azevedo (2010), Costa (2010), Nunes and Portugal (2009) and Andrade and Divino (2001)) and
nternational literature (Rotemerg and Woodford (1999), Galí et al. (2004), Galí and Monacelli (2005)), as indicated
n Table 1.
able 1
arameters used in the DSGE model.
arameters Description References Values
arameters sensitivity analysis
 Mark up Galí et al. (2004) 0.2
 Intertemporal discount factor Muinhos and Nakane (2006) 0.97
 Interest rate coefficient of the Euler equation Calibrated 1.5
 Intertemporal discount rate Galí et al. (2004) 0.03
 Proportion between rule of thumb and ricardian consumers Issler and Rocha (2000) 0.73
 Labor supply elasticity Costa (2010) 0.9
 Calvo parameter of price rigidity Valli and Carvalho (2010) 0.61
p Coefficient of inflation with respect to marginal cost Costa (2010) 0.29
n Coefficient of labor supply in the Euler equation Calibrated 1.067
t Coefficient of taxes in the Euler equation Azevedo (2010) 0.471
asic parameters of macroeconomic policies
c Proportion of private consumption Observed 0.75
g Proportion of public consumption Observed 0.25
g Persistence of public expenditure Nunes and Portugal (2009) 0.9
(π) Coefficient of inflation in the Taylor rule Andrade and Divino (2001) 1.57
b Coefficient of public debt in the fiscal policy rule Nunes and Portugal (2009) 0.3
g Coefficient of public expenditure in the fiscal policy rule Nunes and Portugal (2009) 0.12
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For the proportion of non-optimizer households (λ) we chose the value estimated by Issler and Rocha (2000): 73%.7
The intertemporal discount factor was estimated by Muinhos and Nakane (2006) as β  = 0.97. For the parameter that
indicates the fraction of firms that keep their prices unchanged, and characterizes the degree of price rigidity, we use
the value estimated by Valli and Carvalho (2010) (θ  = 0.61).8 The elasticity of labor supply and the coefficient of the
intensity of the response of the monetary authority to inflation were obtained in Costa (2010) (ϕ  = 0.9 and φπ = 1.57)).
The value 0.9 assigned to the parameter ρg, reflects a strong persistence of government spending when subjected to
shocks, as has been observed recently in the Brazilian economy. The parameters γc = 0.75 and γg = 0.25 reflect the
approximate shares of private consumption and government consumption observed in the Brazilian economy in 2010.
To solve the system of equations and simulate the model, we use the software Dynare for Matlab (Grifolli (2008)),
which provides pre-programmed routines to implement a DSGE model. The Dynare algorithm makes use of Sims
(2000) approach for solving problems of rational expectations, models, because it presents some advantages over that
proposed by Blanchard and Kahn (1980), like, for example, not requiring the distinction between predetermined and
not pre-determined variables.
The typical use of a rational expectations model consists of: (i) find the steady state of the model and (ii) simulate
a shock in an exogenous variable of the model and observe, through the impulse response functions, the behavior of
the other variables over time.
4.  Results
In this section we use the tools discussed in Sections 2 and 3 to test empirically the sustainability of Brazilian public
debt in the last 18 years, and to study its behavior in the medium term. The softwares RATS 7 and Eviews 7 was used
for all the empirical procedures.
4.1.  Retrospective  analysis
As indicated earlier, the retrospective analysis of sustainability is based on the application of unit root and cointe-
gration tests to the data on public deficit and debt. The following session describes how they were performed.
4.1.1. Database
Sustainability of public debt has been tested with different methodologies, and they are also distinguished by the
series they used. Until the 1990s, discussions about the behavior of the determinants of public deficit used data from
the National Accounts. The work of Issler and Lima (1998) is the best example of this. The authors justify the use of
these data by arguing that for the treatment of the sustainability of the debt from the intertemporal point of view is
preferable to use long series, which are only found in the IBGE.9
The IBGE consolidates government data produced by several sources, especially Treasury and Central Bank, that
are the primary data source of expense and public funding. However, these aggregates are not adequate measures of
the conceptual magnitudes of interest for the sustainability tests.10 Therefore, we prefer to use directly time series data
supplied by the Central Bank, which provide the variables required by test without the need to make adjustments that
could require special care in interpreting their results.11
7 Several authors have estimated the model of Campbell and Mankiw (1989) for Brazil, as Reis et al. (1998), Issler and Rocha (2000), Gomes
(2004), Gomes and Paz (2004).
8 The higher the value, the lower the marginal cost impact on inflation.
9 The IBGE provides the seires of national accounts, in annual series since 1947.
10 To obtain data from the federal government, the IBGE uses the Balance Sheet of the Union and the Integrated System of Financial Management
– SIAFI, from the Secretary of the National Treasury, Ministry of Finance, and special surveys of accounting data FGTS, PIS, PASEP System S
(Senai, SESI, SESC, etc.) and professional advice. Information from state governments, as well as the state capitals and metropolitan regions, were
obtained from the IBGE survey itself, Economic Statistics of Public Administrations . For municipal governments, as well as the survey “Economic
Statistics of Public Administrations”, we used the information of the system Finance of Brazil – FINBRA, from the Secretary of the National
Treasury, and Information System of Public Health Budgets – SIOPS, from the Ministry of Health.
11 This point is emphasized in Issler and Lima (1998), where the ratio of nominal interest payments of debt-nominal GDP is used as a proxy for
interest paid on government debt, which are not available in a disaggregated system of national accounts: “As noted by Ahmed and Rogers, using
this proxy bias the cointegration test between revenues and spending toward the rejection of the existence of cointegration.” Issler and Lima (1998).
O.A.F. Tourinho et al. / EconomiA 14 (2013) 233–250 241
o
v
t
d
i
w
D
(
a
t
p
r
c
r
e
a
o
o
i
t
t
z
i
d
1
N
a
i
tFig. 1. Total Public Debt/GDP (%).
Another point to be observed in the choice of the series is that the sustainability conditions described in Section 2 are
btained in an economy without inflation. Therefore, the propositions should be tested using data that represents the
alue that the variables of interest would have in its absence. In Brazil, the deficit measure that most closely approximates
he desired concept of total deficit is the operational deficit calculated by the Central Bank. Conceptually, the operational
eficit is the total fiscal balance of the public sector if inflation is zero and corresponds to the primary deficit plus
nterest payments, in real terms. It is calculated as:
Def  ·Op =  Def  +  (i  −  π)Di  −  (1 −  π)Ai  +  i∗(De  + Df  +  Af  )
here Def.Op  is the operational deficit, Di is the domestic debt; Ai  are domestic assets; i* is the foreign interest rate;
e is domestic debt indexed to the exchange rate, Df  is the foreign debt, and Af  is the external assets.
The tests of sustainability were made on the series as a proportion of GDP, as in Issler and Lima (1998), Luporini
2002), Tanner and Ramos (2002), and Bicalho (2005). This procedure avoids problems deflating the series and, using
 methodology consistent with the measure of the aggregates within the framework of mobile base accounting, has
he advantage of imposing both a scale factor and a numeraire  consistent with the evolution of the GDP deflator. As
ointed out by Issler and Lima (1998), the fact that the series are measured as a proportion of GDP, and so are in the
ange [0,1], does not imply that they are stationary, or that do not have a unit root. Ahmed and Yoo (1989) show that by
onstruction the generating process of the data is subject to this restriction, which is not taken into account in the unit
oot tests. They consider, however, that the incorporation of this constraint in the tests is not worth the econometric
ffort it would require, which would elude the scope of applied work.12 Moreover, Rossi (1997) shows that the flows
nd stocks of government budget constraints are related in the same way whether these variables given in real, nominal
r GDP ratio.
These series of primary deficit, operational deficit and public debt for the consolidated public sector, as a proportion
f GDP, are available on a monthly basis for the period 1991:12 to 2009:4 and are reproduced in Annex 2.13 This period
ncludes more than 200 observations, which we consider to be sufficient to allow for the unit root and cointegration
ests that, by its very nature, implies a span for identifying long-term relationships between variables. Figs. 1–3 show
he graphic of these series.
12
“For the exact process, we have the following in mind [which is also used by Bertola and Drazen (1993)]:(X/GNP)t = zt = zt−1 + εt, if zL <
t−1 < zH ; zt = zL + α, if zt−1 = zL; zt = zH − α, if zt−1 = zH , where α, zL, zH are positive constants. Fully incorporating the nonlinearities
mplied by the trigger points zL and zH is a complex econometric problem and beyond the scope of our paper. Our results are thus implicitly
ependent on these trigger points not being hit too often in our sample, which does not seem to be an unreasonable assumption” (Ahmed and Yoo,
989).
13 In IPEADATA the series are as follows: (a) NFSP – public sector – operational – with exchange rate devaluation – in 12 months – (% GDP), (b)
FSP – public sector – primary – with exchange rate devaluation – last 12 months – (% GDP), (c) Debt – Total – public sector – net – with Petrobras
nd Eletrobras – (% GDP). The primary source for all 3 series is: Central Bank of Brazil, Bulletin, Section Public Finance, various issues. The
nclusion of the debts of Petrobras and Eletrobras in the consolidated public debt is justified by the endorsement given by the Federal Government
o them, and because its deficit is included in the operational deficit.
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Fig. 2. Primary Deficit/GDP (%).Fig. 3. Nominal Deficit/GDP (%).
It is important to note that the sample ends at the beginning of 2009, because the Central Bank of Brazil stopped
producing, at that time, the series that we use. This does not hinder to our analysis, however. From the end of 2009,
successive changes in accounting criteria affected the definition of the official series for public deficit. Mansueto
(2010) describes this process in detail. For the year 2009, the investments in the public program called PAC and
those investments authorized in the previous year and not realized (outstanding commitments) were excluded from
the primary surplus calculation. This rule was repeated in the next three years. Furthermore, the year 2009 marked
the beginning of several National Treasury operations with state-owned enterprises, that, through sophisticated and
complex fiscal procedures, were able to conceal the fiscal effect of certain public expenditures, as indicated by Afonso
and Barros (2013), that analyze these operations in detail.14
To apply the methodology described in Section 2, we also test whether the expected real interest rate conditional on
past information is constant. The real rate of interest (rr) is defined, from the conceptual point of view, by the expression
rrt =  (1 +  rt)/(1 +  Etπt+1) −  1,  where rt is the nominal short-term interest rate, πt+1 is the rate of change in prices
between t  and t + 1, and Et indicates the expectation operator with the information available up to period t. Assuming
perfect foresight, we considered as proxy of the inflation expectation the value actually observed, and thus calculate
the real interest rate. We use it as the observed Selic rate, and πt the rate of inflation as measured by the IGP-M.
14 The closing of the federal public accounts in 2012 was marked by complex transactions involving the Treasury, the so called Sovereign Wealth
Fund (FFIE), Banco Nacional de Desenvolvimento Economico e Social (BNDES) and Caixa Economica.
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(Fig. 4. (a) Real Selic rate under the assumption of perfect foresight. (b) Histogram of Real Selic rate for the period 1991:01–2009:09.
The graph of the actual rate thus obtained is shown in Fig. 1, where it is noticeable it displays significant variations
round the mean value of 1.02% per month, especially in the first part of the period considered. The histrogram of the
eal rate of interest, in Fig. 2, shows a fairly symmetrical distribution.
If the real interest rate is I(0), its expected value conditional on past information is constant and equal to its mean,
ince for a stationary stochastic process the average is the best non-biased linear estimator of its future value. In this
ase, Proposition 1 of Trehan and Walsh (1991) can be applied. We show later that this is the case (Fig. 4).
The next section tests the order of integration of stochastic processes for the real Selic, the primary deficit, the
ublic debt, and the total deficit (operational), as well as the cointegration between debt and primary deficit, to allow
he application of sustainability conditions discussed above.
.2.  Unit  root  testsFor each series we make three types of tests for the order of integration: (i) several tests where the null hypothesis is
hat the series is integrated: Augmented Dickey–Fuller (ADF), Philips–Perron (PP), Elliott–Rothenberg–Stock (ERS),
ii) a test where the null hypothesis is that it is stationary: Kwiatkowski–Phillips–Schmidt–Shin (KPSS), and (iii) a
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test for the hypothesis that the series is I(1) with a structural break at unknown date: PERRON97.15 For all tests we
adopted the significance level of 5%.
It is known that the ADF tests can be sensitive to the number of lags included in the regression test and, therefore,
we consider several approaches designed to minimize different information criteria, because each penalizes differently
the increase of the number of lags in the specification of the regression test. We used the four information criteria most
commonly used in the literature: Schwarz (SIC), which is also known as Bayesian information criterion (BIC), Akaike
(AIC), Akaike modified (MAIC), and Hannan–Quinn (HQ).16
The specification of the test equations for the ADF test was performed according to the procedure proposed by
Dolado et al. (1990), synthesized in Enders (1995), applied directly, and through the use of an automated routine. In
the first case regressions without the constant term were not used, and the results are shown in the first four rows of
Table 2. The automated test used the routine URAUTO of program RATS (Estima, 2007), selecting the number of lags
by both the Schwarz and the Akaike information criterion and considered the hypothesis that the test regression test
equation has no constant term. The results are shown in the rows of Table 2 that present the criteria SCI* and AIC*,
respectively.
For the series of real interest rate all criteria opt for inclusion of four lags in the ADF test. For the other series, in
general, the SCI criterion is more parsimonious penalizing more the reduction of degrees of freedom implied by the
inclusion of more lags. In the series of primary and operational deficit SIC chooses the criterion by adding 1 or 0 lags,
respectively, much smaller than the number selected by the AIC and MAIC equal to 13-12 lags, respectively. For the
series of debt all criteria opt not to include the lag of the first difference of the series in the test equation. In these tests
we experimented with the inclusion of a time trend in the test equation. For the series of real interest the coefficient
was significant, but for all other its coefficient was not significant, in which case we chose the equation with only the
constant as an exogenous variable.
The ADF tests, regardless of the choice of the number of lags, reject the hypothesis that the series of real interest is
integrated, and not reject the hypothesis that all the other series are I(1), as seen in the first six rows of Table 2.
The Phillips–Perron test (PP)17 is a modification of the Dickey–Fuller test developed to take into account that the
data generating process can display autocorrelation of order greater than that permitted in the regression test of the
original test, such as the ADF test. While the ADF test (above) makes it introducing lags of the series yt in the test
regression, the Phillips–Perron test (PP) makes a correction on the non-parametric t statistics of the test. The PP test
is robust with respect to autocorrelation and heteroskedasticity in the errors of the test regression, but according to
Davidson and Mackinnon (2004), has underperformed the ADF test in finite samples. The PP test was implemented
here considering the maximum number of lags equal to 4 for all series, and the result coincided with the ADF tests:
rejection of hypothesis of a unit root in the series of real interest, and acceptance of the hypothesis that other series are
integrated.
To improve the power of the unit root test, Elliott et al. (1996)) proposed to remove the local trend of the time series
before applying the ADF test. We used the variant of the Elliot–Rothenberg–Stock (ERS) test known as “DF-GLS
test” procedure that uses a generalized least squares estimation to remove the tendency of the series, and then applies
ADF type test on the transformed series without the intercept. The ERS test rejects the hypothesis that the series of
real interest is integrated, supports the hypothesis that the series of primary deficit and public debt are I(1), and rejects
this hypothesis for the operational deficit.
Another strategy for dealing with the lack of power of usual unit root tests is employed by
Kwiatkowski–Phillips–Schmidt–Shin (KPSS),18 where the series is expressed as the sum of a deterministic trend,
a random walk, and an stationary error, and applies to it a test of the Lagrange multiplier for the hypothesis that the
random walk component has zero variance. This test rejects the hypothesis that the real interest rate and public debt
are stationary, but not reject the hypothesis that the primary and operational deficits are.
We can summarize the test results presented here:
15 The references of these tests are respectively Dickey and Fuller (1979) and Said and Dickey (1984)), and Phillips and Perron (1988), Elliott et al.
(1996), Kwiatkowski et al. (1992) and Perron (1997).
16 The reference criteria are: Schwarz (1978), Akaike (1974, 1977), Akaike (1980), Hannan and Quinn (1979).
17 See Phillips and Perron (1988).
18 Kwiatkowski et al. (1992).
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Table 2
Unit root tests.
SELIC real Primary deficit/GDP Operational defict/GDP Net debt/GDP
Criteria Lags Statistics Result Criteria Lags Statistics Result Criteria Lags Statistics Result Criteria Lags Statistics Result
SIC 4 −5.038
Rejects I(1) (*)
SIC 1 −1.665
Do not reject
I(1) (*)
SIC 0 −2.240
Do not reject
I(1) (*) see
[&]
SIC 0
−0.964 Do not reject
I(1) (*)
AIC 4 AIC 13
−1.865
HQ 0 AIC 0
HQ 4 HQ 13 AIC 12 −2.288 HQ 0MAIC 4 MAIC 13 MAIC 12 MAIC 0
SIC* 4 −5.289 SIC* 1 −1.694 SIC* 0 −2.459 SIC* 0 −0.955AIC* 4 AIC* 13 −1.851 AIC* 12 AIC*
0 −9.467
Rejects I(1) (*)
0 −1.643
Do not reject
I(1) (*)
0 −2.472
Do not reject
I(1) (*)
0 −0.960
Do not reject
I(1) (*)
1 −9.361 1 −1.679 1 −2.525 1 −0.943
PP 2 −9.386 PP 2 −1.734 PP 2 −2.495 PP 2 −0.944
3 −9.542 3 −1.760 3 −2.528 3 −0.951
4 −9.611 4 −1.827 4 −2.600 4 −0.960
DF-GLS 0 −2.292 Rejects I(1) (*) DF-GLS 0 −1.639 Do not reject I(1) (*) DF-GLS 0 −2.289 Rejects I(1)
(*)
DF-GLS 0 −0.946 Do not reject I(1) (*)
AIC 12 0.721 Rejects I(0) (*) AIC 12 0.359 Do not reject I(0) (*) AIC 12 0.286 Do not reject
I(0) (*)
AIC 12 0.870 Rejects I(0) (*)
AIC 12 −3.229 Do not reject
I(1) c/break
1996:04 (*)
AIC 12 −3.148 Do not reject
I(1) c/break
1997:08 (*)
Series is not I(1) Series is I(1) Series is I(1) or I(0) (inconclusive) Series is I(1)
(*) Hypothesis test with significance level of 5%.
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a) real interest: the ADF, PP and ERS tests reject the hypothesis of a unit root, but the KPSS test rejects the hypothesis
that it is I(0) at a significance level of 5%, but does not reject at 1%.
b) primary deficit: the ADF, PP and ERS tests accept the hypothesis that it is I(1), but the KPSS test suggests that it
is I(0). It is considered as I(1).
c) operational deficit: ADF and PP tests do not reject that it is I(1), but ERS rejects that it is integrated, the KPSS does
not reject that it is stationary. Its degree of integration will be discussed below.
d) debt: all tests are consistent with the hypothesis of I(1).
Let us now consider the hypothesis raised by Perron (1989) that a series that actually is I(1) may have the unit root
hypothesis rejected in the usual tests because it contains a structural break in the level and/or in its tendency. This may
be the case in the series of operational deficit, which, as seen above, has contradictory indications as to the presence
of a unit root.
The possibility of a structural break in the series of operational and primary deficit, in the period analyzed, is raised
by Giambiagi (2002) and Giambiagi and Ronci (2004) on account of the fiscal adjustment made at the end of 1998,
aimed at dealing with the uncontrolled fiscal deficit that occurred in 1994–1998, producing a deep crisis. This lack
of control is easily observed in the series of primary deficit in Fig. 2, which shows that the primary surplus of about
7% of GDF that existed in 1994 disappeared in 4 years. It is not clear when this regime change started affecting the
fiscal accounts because the electoral calendar apparently interfered with its formalization, characterized by the signing
of the agreement with the International Monetary Fund after the presidential elections of that year. To deal with the
possibility that it has led to rejection of the hypothesis that the series of operational and primary deficit are I(1), we
used the PERRON97 test that endogenously determines the date of the structural break. The results are in the last rows
of Table 2, and do not reject the hypothesis that both series are I(1) with structural break in 1996:04 and 1997:08,
respectively.
Adjusting the earlier findings, to take into account the results of the test described above, we conclude that the series
of real Selic is I(0), and the series of primary deficit, operational deficit and public debt are I(1).
4.3.  Sustainability
In view of the results of the unit root tests, we can apply both Proposition 1 and Proposition 2, of Trehan and Walsh
(1991), discussed earlier.
Initially, noting that the real interest rate is stationary, and that the primary deficit (Deft), is I(1) we can apply
Proposition 1 in two ways. Firstly, the conditions of the special case of that proposition are met, because the operational
deficit, which represents the total deficit (Deft*), is I(1), and it can be concluded that the Brazilian fiscal regime in the
period was sustainable. Secondly, the conditions of the general case of the second part of Proposition 1 are also met,
because the debt is I(1) and cointegrates with the primary deficit (Def), as demonstrated by the results of the Johansen
cointegration test discussed below.
Table 3 shows the estimation results of the unrestricted VEC for the application of the test. Two lags were included
in the equation test, ie, k  = 3 in Eq. (3). Given the criterion of parsimony, to preserve degrees of freedom, since our series
are not too long, we have included a constant. A time trend was not used in accordance with the results of the unit root
tests. In Table 3, the comparison of statistics of the trace with its critical value at a significance level of 5% shows that
the hypothesis that these two series cointegrate cannot be rejected, and that the existence of at most one cointegration
Table 3
Test Johansen cointegration between deficit and debt for unrestricted cointegration rank.
Number of cointegration vectors Eigenvalue Lambda-max Trace test Log L
Statistics Critical value 95%
No vectora 0.0736 15.8341 19.3898 15.4100 −389.5741
Max number: 1 0.0170 3.5556 3.5556 3.8400 −387.7963
a Denotes rejection of the hypothesis at 95% confidence.
The test concludes that there is one cointegration vector at a significance level of 5%.
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elationship cannot be rejected. The maximum eigenvalue test leads to the same conclusion. The cointegration vector
or the largest eigenvalue is: 0.073507*Div + 0.949756*Def
The cointegration vector shows that in the period considered the equilibrium relationship between debt/GDP and
rimary deficit/GDP ratios was 12.92, ie, a primary surplus of 3.09% of GDP is needed to “sustain” a debt of the order
f 40% of GDP. If the surplus falls, debt that can be sustained is also reduced.
The graph in Fig. 3 shows that the deficit tends to be higher at the end of the Gregorian year, compared to previous
eriods. For this reason, we estimated the pattern of error correction with dummy  variables to capture this effect, and
onsider the possibility that the estimate may have been biased, but the introduction of these variables has little effect
n the results.19
Considering alternatively, that the expectation of the real interest rate conditional on past information has not been
roughly) constant, and Proposition 2 applies. Noting that the debt is I(1), we conclude again that the fiscal regime was
ustainable.
In summary, we found that the fiscal system was sustainable applying propositions of Trehan and Walsh (1991) in
hree distinct ways.
.4.  Prospective  analysis
The starting point of the prospective analysis is the state of the economy in late 2010, indicated in Table 4. For the
onstruction of the scenario was adopted the fiscal parameter found in the retrospective analysis, ie, the relationship
etween deficit and debt that ensures long-term sustainability of the latter.
According to that analysis, a primary surplus of around 3.11% of GDP is required to support the debt of 40.35%
bserved in late 2010. This would require a reduction of 1.2 p.p. in relation public spending/GDP ratio. This fiscal
ffort would have reversed the upward trend of this variable, which in 2009 increased by 1.5 pp and by 1.1 pp in 2010,
ecreased by 1.5 pp in 2011, and grew 0.8 percentage points in 2012.20 Thus, the exercise aims to answer what would
ave been the effects on the main macroeconomic variables considered by the model (private consumption, public
ebt, taxes, inflation and interest rate) if that policy had been adopted since 2010.
In the graphs of the impulse response shown below, the horizontal axis is shown in quarters, while the vertical axis
epresents the percentage change in the steady state. The reduction of public expenditures cited above represents a
hock of 3.6% in the variable.
Fig. 5 shows the impulse response function of private consumption, showing the initial increase and subsequent
low return to the steady state level. This means that a reduction in public spending would have a positive and persistent
ffect on private sector participation in the economy, given the crowding-in.
able 4
acroeconomic variables.
2010 2011 2012
rivate consumption/GDP 59.60% 60.30% 62.30%
otal Net Debt/GDP 40.35% 36.49% 35.21%
ax Burden/GDP 33.53% 35.31% 36.27%
rimary Surplus/GDP 2.78% 3.11% 2.38%
nflation (% a.a) 5.91% 6.50% 5.84%
ominal interest rate (% annual average) 10.64% 11.73% 8.42%
ource: Central Bank
19 Due to the stability of the coefficients with the introduction of seasonal dummy variables, the impulse response functions are shown only for the
ase of no seasonal effects. The response of the model with seasonality is very similar to that without seasonality.
20 These data refer to the primary expenditure of the Treasury, because there is no available information for the consolidated public sector in the
oncept “above the line”.
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Fig. 5. Impulse response to a shock on public spending/GDP.
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Fig. 6 shows the effects of the shock on the public debt and the tax burden. There is a substantial decline in the
debt/GDP, especially in the first five quarters. This move, combined with the drop in public spending, makes room for tax
reduction. It should be noted that these effects extend over the whole period (20 quarters, or five years), demonstrating
the benefits of a medium-term fiscal policy where expenditures grow at slower rate than GDP.
Finally, Fig. 7 shows the impulse response functions for inflation and interest rate. The model results indicate that
the policy of reducing current expenditure as a proportion of GDP would also have the effect of decreasing inflation and
consequently interest rates. These results suggest that fiscal policy can collaborate with monetary policy in controlling
inflation, allowing the progressive reduction of the interest rate.
5.  Conclusions
This study tested the sustainability of public debt and analyzed its macroeconomic impacts. The application of tests
proposed in the international literature pointed out that public debt was sustainable in Brazil in the period 1991–2009.
This result was obtained both when considering the expected real interest rate conditional on past information constant,
as in the case in which this condition has not been satisfied. These tests are innovative with respect to literature, by
including a more recent period, and by using data that had not been previously used for this purpose. They have
the important advantage of using directly, without additional manipulation, the series of variables necessary to test
the sustainability of the debt (the stock of debt and deficits). This greatly facilitated the interpretation of test results,
avoiding the need encountered in other studies of making considerations and hypotheses about the possible effects of
such adjustments.
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Another important finding that emerges from the retrospective analysis is that adopting in the present, a higher value
f the debt/GDP ratio (or, similarly, a lower value for the primary surplus) decreases the scope for future economic
olicy. In fact, the cointegration test between deficit and debt in Brazil has shown that, in the period we analyzed, it
as necessary to run a primary surplus of around 3.09% of GDP to “sustain” a debt/GDP ratio of about 40%. If the
urplus falls, the debt that can be sustained also falls.
Based on these results, we simulate the behavior of key macroeconomic variables if the Brazilian fiscal policy had
ommitted to the sustainability of public debt. In the scenario adopted, this hypothesis would suggest a reduction of
.2 p.p. in the relation of public spending/GDP in 2010, which would reverse the upward trend registered by this
ariable. This exercise is done in the light of a context of high uncertainty regarding the trajectory of the world and
razilian economy. The latter is characterized in the last two years by a combination of low growth and persistently
igh inflation.
The scenario outlined by the DSGE model showed that if the government makes this fiscal effort, the effects would
e: (i) increased private sector participation in the economy, given the crowding-in effect, (ii) reduced tax burden and
ublic debt, given the reduced need for funding; (iii) cooling of inflation, due to the smaller pressure of the public
ector on aggregate demand, and (iv) reduction of interest rates, reflecting the reduced need for action by the monetary
uthority.
The results presented in this paper make clear the benefits of a tax policy where spending grows at smaller rate than
DP. More than that, they suggest that fiscal policy can contribute to monetary policy in controlling inflation, which
ould create the conditions for the country to coexist with lower interest rates.
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